Introduction
The application of mechanical ventilation is a life-saving intervention that allows the patient to overcome the physiological impact of surgeries, trauma or critical illness. The primary goal for the clinician is to provide sufficient oxygenation and carbon dioxide removal for the patient. Titration of ventilator settings in combination with frequent blood gas analysis is the established method to find the required settings for minute ventilation and FiO 2 . Here, application of mathematical models to predict patient reaction to certain ventilator settings could both speed up the process of adjusting ventilation parameters as well as decrease the use of blood gas analysis as a tool to verify the patient's oxygenation status. Responses of patient physiology to the application of mechanical ventilation are complex, thus a model comprising all aspects would be extensive. However, despite the possibility of reproducing relatively complex aspects of the patient physiology, such a model would be computationally expensive and would require a large amount of data for robust identification of model parameters. Thus, we are proposing to use model families containing multiple model versions differing in simulation focus and complexity therefore being specialized to the information that is actually needed. As an example for such a model family and its preferred structure we are presenting a family of gas exchange models and we are showing examples of application fields for some of these models.
Methods
The presented family of gas exchange models is hierarchically ordered, i.e. each model is related to its next simpler predecessor and its next complex successor. The order is established with respect to model complexity, i.e. the number of differential equations defining model behaviour and the number of model parameters. The simplest model included in the hierarchy is a shunt model with constant alveolar flow derived from the model proposed by Chiari et al. [1] . In the second complexity level, this simple model is extended by a dead space compartment to simulate tidal breathing [2, 3] or a second alveolar compartment to simulate /Q-mismatch [4] . Combining both extensions leads to the third hierarchy level. Moreover, future extensions of the model family might contain model versions with separate CO 2 tissue storage to simulate time courses of CO 2 elimination when minute ventilation is alternated [5] . Figure 1 shows a schematic representation of the presented model family. 
Models were confronted with patient data to test their ability to reproduce patient response to alteration in the ventilator settings. Anonymized patient data included blood gas analysis at various FiO 2 levels from a patient data management system and end-tidal CO 2 (etCO 2 ) measurements at different ventilation frequencies from a previous experiment [6] . Figure 2 shows results for PaO 2 and PaCO 2 in models I and III compared with measured values in a patient. Both models show agreement with PaO 2 measured in the patient. Model I has a mean deviation of 4.16% with a maximum deviation of 8.5%, model III shows a mean deviation of 3.9% with a maximum of 9.3%. For PaCO 2 , model I shows a mean error of 63.7% with a maximum of 64.3% compared to a mean deviation of 0.8% with a maximum of 1.6% in model III. Figure 3 shows results for etCO 2 at various ventilation frequencies calculated by models II and IV. Here, model II shows a mean deviation of 22.5% with a maximum of 53.5%, model IV shows a mean simulation error of 1.21% with a maximum of 3.8%. Recorded time courses of measured etCO 2 after change in ventilation frequency could be reproduce by neither model II nor model IV.
Results

Discussion
We have presented a family of gas exchange models that allows selecting appropriate models for specific applications of model based decision support. Occam's razor dictates that among a number of models that are able to describe the same behaviour, the simplest one is to be selected. Thus, by providing a hierarchically structured model family, a medical decision support is enabled to select the one model that fits best to the given patient situation or to the clinical question that needs to be solved and still does not demand large efforts in parameter identification. Moreover, hierarchical structure of model families can aid in realizing robust parameter identification by providing suitable initial guesses [7] . Results show, that models I and III are both equally able to reproduce PaO 2 data at various FiO 2 , thus model I should be preferred, given that it has only one free model parameter, i.e. shunt fraction, compared to model III which comprises three model parameters. When PaCO 2 is part of the medical decision process, model I is not the favourable selection, as it is not able to reproduce arterial carbon dioxide levels correctly. Here, model III would be the better choice. Models II and IV are both able to simulate gas exchange with tidal breathing, thus they may prove useful when predicting end-tidal CO 2. However, again only a model with two alveolar compartments is able to reproduce CO 2 levels at various ventilation frequencies. Thus, model IV should be preferred here. None of the tested models was able to reproduce recorded time courses of etCO 2 due to oversimplified model description of CO 2 storage in tissue. Extending the presented models by separate CO 2 storages with differing time constants as shown in Fig. 1 should allow replicating the recorded data. 
